Fifty-five dogs with suspected tickborne disease were tested by immunofluorescence assay and PCR for Anaplasma phagocytophilum infection. Thirty (54·5 per cent) of the dogs were seropositive and five of them fulfilled the serological criteria for an active infection, with either seroconversion or a fourfold increase in antibody titres. Fragments of DNA of the expected size were detected by PCR in two seropositive and three seronegative dogs. However, direct amplicon sequencing failed to identify active A phagocytophilum infections, but revealed the presence of Anaplasma platys DNA in the PCR-positive animals.
Anaplasma phagocytophilum is the aetiological agent of tickborne disease that affects several domestic animal species, including ruminants, horses, dogs and cats, worldwide, and is also regarded as an emerging human pathogen with increasing importance (Dumler and others 2001) . The disease is generically known as granulocytic anaplasmosis (GA) and its distribution overlaps the endemic areas of the main vector ticks, which include the palaearctic and oriental species Ixodes ricinus and Ixodes persulcatus and the nearctic Ixodes scapularis and Ixodes pacificus. In dogs, GA was first recognised by Madewell and Gribble (1982) ; it is frequently reported in the north-eastern and upper Midwest parts of the USA, in central and northern Europe, and there are some references to it in the Mediterranean region (Manna and others 2004, Alberti and others 2005) .
In Portugal, A phagocytophilum is known to be present in I ricinus and Ixodes ventalloi (Santos and others 2004) , and the public health importance of the agent is under investigation owing to the recent detection of an active infection in a horse from the Algarve region (A. S. Santos, unpublished observations), stimulating the analysis of animal populations from southern parts of the country.
This paper describes the results of cytological, serological and molecular screening for A phagocytophilum infections in 55 dogs with suspected tickborne disease in the Algarve region. The biological samples obtained from them were initially evaluated for Babesia canis, Borrelia burgdorferi sensu lato, Hepatozoon canis, Ehrlichia canis and Rickettsia species infections (Alexandre 2006) . Canine monocytic ehrlichiosis was diagnosed in approximately one-third of the cases and a number of other tickborne diseases such as babesiosis, hepatozoonosis and Rickettsia conorii infections were also identified (Alexandre 2006) . However, because the majority of the dogs remained undiagnosed, they were tested for A phagocytophilum infection.
Materials and methods

Sample collection
The dogs were examined between February and October 2004 at one hospital and seven veterinary clinics in the Algarve region. During the clinical evaluation, an EDTA-anticoagulated blood sample was collected from each animal for complete blood cell counts, buffy coat smear examinations after Diff-Quik staining (Medion Diagnostics), serology and molecular analysis. Whenever possible, a sample of convalescent blood was taken to compare antibody titres.
Serological analysis
An indirect immunofluorescent assay (IFA) was used to detect antibodies to A phagocytophilum. Briefly, samples of serum were diluted 1:80 in PBS and incubated on antigen slides prepared with HL-60 cells infected with the Webster strain of A phagocytophilum. A second incubation with fluorescein isothiocyanate (FITC)-conjugated rabbit anti-dog IgG and IgM (Sigma-Aldrich) was used to identify bound antibodies. The IFA was interpreted as positive when titres of IgM or IgG of 80 or greater were found. The positive samples were serially diluted to determine the endpoint titre, which was expressed as the reciprocal of the serum dilution.
Molecular analysis
Genomic DNA was extracted from the buffy coat by the Flexigene DNA Kit procedure (Qiagen). A known negative sample was included in every cycle of extractions. The presence of A phagocytophilum DNA was screened by PCR in nested or single tube reactions using different sets of primers: MSP465f/MSP980r derived from the highly conserved 5´ region of major surface protein-2 (msp2) paralogous genes (Caspersen Alexandre (2006) A Anaemia (<5·5 x 10 12 red blood cells/l), L Leucopenia (<6 x 10 9 white blood cells/l), Lc Leucocytosis (>17 x 10 9 white blood cells/l), T Thrombocytopenia (<200 x 10 9 platelets/l) and others 2002); GE3a/GE10r followed by GE9f/GE2, which amplify a 546 base pair (bp) fragment of the 16S rRNA gene (rrs) (Massung and others 1998); HS1/HS6 followed by HS43/HS45 for the amplification of a 442 bp sequence of heat-shock operon, groESL (Sumner and others 1997) . PCR was performed in a total volume of 50 µl, containing 1µM of each primer, 2·5 U of Taq DNA polymerase, 200µM of each dNTP, 50mM potassium chloride, 10mM Tris-HCl pH 8·3, 1·5mM Mg 2+ (Eppendorf MasterTaq Kit) and 10 µl DNA extract (or 1 µl of amplicon in the nested reactions). The primer sequences and amplification conditions were as described by Sumner and others (1997) , Massung and others (1998) and Caspersen and others (2002) . In each run, in addition to known negative samples (extraction controls and water), DNA obtained from the Webster strain of A phagocytophilum propagated in HL-60 cells was used as a control. Cross-contamination was prevented by using barrier pipette tips and by performing the extraction, master mix preparation, and amplification and electrophoresis for the PCR in three separate rooms. The DNA amplicons from the positive samples were purified (Jetquick PCR Purification Kit; Genomed) and sequenced with the forward and reverse primers used for PCR identification (internal primers in nested reactions) in an automated sequencer (Applied Biosystems). After manual editing, sequence homology searches were made using BLASTn. The sequences were aligned using ClustalX, v 1.81 (Thompson and others 1997) and bootstrapping with 1000 iterations. When nucleotide heterogeneity was identified, to determine whether it had any impact on protein structure, the partial nucleotide sequences were translated into amino acid sequences, aligned using ClustalX, and truncated so that each began with the initial methionine. Dendrograms were constructed using TreeView.
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Results
Thirty-six samples from 30 (54·5 per cent) of the dogs had detectable IgG antibodies to A phagocytophilum. The endpoint titres were 80 for 12 samples, 320 for 11 samples, 640 for four samples, 1280 for five samples, 2560 for two samples, and 5120 and 10,240 for one sample each. No IgM antibodies to A phagocytophilum were detected. Five of the 20 dogs with more than one sample fulfilled the serological criteria for an active infection, with seroconversions in dogs 1, 3, 5 and 8 and a fourfold increase in antibody titre in dog 6 (Table 1) . PCR amplification with rrs and groESL primers generated products of the expected size in buffy coat samples from five dogs: three seronegative animals (dogs 4, 7 and 9), one that seroconverted (dog 5) and one that had a single positive IFA titre (dog 2). None of the samples was PCR-positive when tested with A phagocytophilum species-specific msp2 primers. Nucleotide analysis of the rrs and groESL amplicons confirmed this result and identified the aetiological agent to be the closely related species Anaplasma platys. Partial sequences of rrs (GenBank accession number EU004823) were identical in all the dogs and were 100 per cent (496/496 bp) homologous with previously reported A platys sequences, such as in a Spanish dog
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Anaplasma platys AF399916 . Sequence polymorphisms were observed in groEL and resulted in two different genotypes. DNA nucleotide sequences 99·3 per cent (438/441) and 100 per cent (441/441) similar to Anaplasma platys described in Venezuela (AF399916) were detected in dogs 2 and 9 (GenBank accession number EU004825) and dogs 4, 5 and 7 (GenBank accession number EU004824), respectively (Fig 1) . However, despite the heterogeneity observed at the nucleotide level, the GroEL proteins produced by each of the A platys infecting these Portuguese dogs were identical in the regions examined (Fig 2) .
Despite the A platys-positive PCR results, no morulae were found within platelets in the blood smears examined. All five dogs in which A platys infection was confirmed by the molecular tests had lymphadenopathy, accompanied, except in dog 9, by fever. All five were thrombocytopenic, and four of them were anaemic. A coinfection with another tickborne agent was observed in dog 7, which had previously been diagnosed with active R conorii infection. Dogs 1, 6 and 8, which had either R conorii or E canis DNA, also fulfilled the IFA criteria for active infection by reacting with A phagocytophilum antigen, although neither A phagocytophilum nor A platys DNA was detected. The clinical and laboratory data for the dogs fulfilling the serodiagnostic criteria for active infection or with positive PCR results are summarised in Table 1 .
Discussion
Thirty of the 55 dogs had detectable IgG antibodies to A phagocytophilum, and five of the 20 with more than one sample fulfilled the criteria for active infection, either by seroconversion or a fourfold increase in titre. Despite these findings, the molecular analysis of buffy coat samples failed to identify A phagocytophilum but revealed sequences highly homologous with the closely related A platys.
Serological cross-reactivity is common among phylogenetically related agents that often share antigenic determinants. In fact, at least some of the A phagocytophilum IFApositive sera were derived from dogs with active A platys infections, a finding also reported by Inokuma and others (2001) . It therefore seems likely that A platys rather than A phagocytophilum was the agent responsible for most of these serological reactions, although previous infections with A phagocytophilum or other heterologous agents, such as E canis, cannot be excluded. Crossreactivity between E canis and A phagocytophilum has been demonstrated experimentally in dogs with canine monocytic ehrlichiosis by the detection of antibodies to A phagocytophilum approximately 90 days after infection (Waner and others 1998) . It was proposed that the development of the cross reacting antibodies was dependent on the persistence of E canis infection (Waner and others 1998) . In the present study, dogs 1 and 8 both seroconverted to A phagocytophilum but had only E canis DNA in their peripheral blood. The IFA is considered the gold standard for routine A phagocytophilum diagnosis and is widely applied in seroprevalence studies. However, the potential for cross-reactions or false-positive reactions appears to be an important limitation of the technique. To overcome this limitation, serology can be coupled with molecular testing in order to demonstrate active A phagocytophilum infections.
A platys was first recognised in the USA by Harvey and others (1978) as a cause of canine infectious cyclic thrombocytopenia (CICT). This member of the family Anaplasmataceae is distributed worldwide and is particularly associated with the brown dog tick Rhipicephalus sanguineus, one of the most prevalent species in Portugal. In fact, A platys infections had previously been suggested by the occasional observation of intraplatelet inclusions on blood smears from dogs (Simões and Puente 1997) , but its presence was never proved definitely. The present results provide the first definitive evidence of active A platys infections in Portuguese dogs. Although no morulae were observed in blood smears, the cyclical nature of CICT, with intermittent bacteraemia, may make it difficult to detect the agent in peripheral blood (Woody and Hoskins 1991, Martin and others 2005) , which may explain not only the inability to visualise the bacteria in PCR-confirmed cases, but also the negative molecular results in the dogs with positive A phagocytophilum serology.
CICT is usually described as a mild disease without obvious clinical signs, in spite of occasional lymphadenopathy and thrombocytopenia (Harvey and others 1978, Woody and Hoskins 1991) . In the present study, all the dogs with confirmed A platys infections had both these haematological abnormalities, and their health had deteriorated sufficiently to prompt visits to veterinarians. A few other reports have reported clinical illness in dogs with CICT, either as a result of A platys infection alone or as a result of a coinfection with other tickborne agents such as E canis (Mylonakis and others 2004, Gal and others 2008) . Most of the present cases apparently had single infections, but DNA from both A platys and R conorii was detected in one dog. To the authors' knowledge, this study provides the first molecular evidence that A platys infects and causes disease in Portuguese dogs. It also supports the hypothesis that coinfections with more than one tickborne agent are not uncommon for dogs that share tick vectors such as R sanguineus.
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Anaplasma platys AF399916 (Fig 1) , the amino acid sequences and therefore the GroEL protein structure are predicted to be identical 0·1
